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Final  Summary  Report 
THE  INFLUENCE  OF  RETARDING  ADMIXTURES  ON  VOLUME  CHANGES  OF  CONCRETE 

I.   BACKGROUND  SUMMARY 

A.   State  of  the  Art 

A  retarding  admixture  is  "a  material  other  than  water,  aggregates, 
and  hydraulic  cement,  used  as  an  ingredient  of  concrete  or  mortar,  and 
added  to  the  batch  immediately  before  or  during  its  mixing"  which  de- 
lays the  setting  of  cement  paste  and  likewise  a  concrete.   These  ad- 
mixtures frequently  will  allow  a  reduction  in  water  content  necessary 
to  obtain  a  given  slump.   The  most  commonly  used  admixtures  for  retard- 
ing concrete  in  Indiana  are  ASTM  Type  D,   ater-reducing  and  retarding 
admixtures.   These  generally  result   in  an  improvemented  compressive 
strength  and  some  reduction  in  permeability;   hence  durability  under 
freezing  and  thawing  conditions  is  improved.   The  only  disadvantages  of 
Type  D  admixtures  are  a  greater  rate  of  slump  loss,  which  can  be  a  problem 
if  the  concrete  is  warm  and  the  time  before  placement  is  large, and  in- 
creased drying  shrinkage.   Drying  shrinkage  is  a  form  of  volume  change, 
the  primary  form  studied  in  this  investigation. 

The  plan  of  study  for  this  project  stated   "The  use  of  retarders 
enters  the  drying  shrinkage  picture  from  two  sides.   First,  by  definition, 
a  retarder  delays  the  set;  thus  it  allows  evaporation  to  occur  Vithout 
creating  shrinkage  stresses  in  the  concrete,  since  it  has  a  more-or-less 
plastic  condition.   One  could  expect  a  reduction  in  shrinkage  cracks  if 
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the  greatest  portion  of  water  loss,  i.e.,  potential  drying  shrinkage, 
occurs  at  this  time. 

On  the  other  side  of  the  picture,  retarders  delay  the  early  de- 
velopment of  strength;  thus  when  concrete  has  set  it  may  not  have  suffi- 
cient strength  to  resist  subsequent  shrinkage  stress  and  cracks  may 
form.   This  situation  is,  of  course,  not  critical  if  little  shrinkage 
occurs  at  this  stage." 

B.  Importance  of  retarders. 

The  increased  setting  time  for  retarders  is  an  advantage  on  manv 
construction  situations  especially  those  with  a  continuous  superstructure 
over  one  or  more  piers.   The  Indiana  State  Highwav  Commission  requires 
their  use  in  these  circumstances  and  allows  their  use  in  others.   Warm 
temperatures  accelerate  the  setting  of  concrete  and  this  is  often  desir- 
ably counteracted  by  the  use  of  retarders.   Many  times  the  use  of  an 
ASTM  type  D  admixture  will  be  of  benefit  to  both  the  constructor  and 
the  owner  for  reasons  of  the  delayed  set  and/or  the  water  reduction.   The 
use  of  these  admixtures  is  now  routine  and  will  probably  grow  in  the  coming 
years.   Consideration  of  such  material  for  paving  concrete  has  and  will 
occur. 

C.  Interim  reports. 

Three  separate  interim  reports  have  been  made  on  this  research 
project.   The  first  was  by  far  the  largest  and  represented  the  primary 
effort.   It  was  "Retarders  for  Concrete,  and  Their  Effects  on  Setting 
Time  and  Shrinkage,"   JHRP  Report  No.  72-51  by  Yasuhiko  Yamamoto  under 


direction  of  Prof.  K.  L.  Dolch.   It  considered  in  great  detail  the 
effect  of  various  chemicals  on  the  time  of  set  and  shrinkage  of  cement 
paste.   It  also  considered  the  mechanisms  by  which  retarders  work. 
Many  chemicals  were  investigated  but  included  were  the  three  common 
generic  classifications  of  set  retarding  admixtures,  the  carbonhydrate 
type,  the  hydroxycarboxylic  acid  type  and  the  calcium  lignosulfonate 
type.   These  represent  nearly  all  of  the  material  used  for  such  pur- 
poses in  the  United  States  and  all  of  the  material  approved  for  use 
by  the  Indiana  State  Highway  Commission. 

The  second  interim  report,   "Effects  of  Retarding  Admixtures  on 
Plastic  Shrinkage  of  Portland  Cement  Paste,"   JHRP  Report  No.  73-20 
by  Hanume  Gowda  under  the  direction  of  Prof.  C.  F.  Scholer,  dealt  with 
the  three  common  generic  types  of  admixtures  and  how  their  plastic 
drying  shrinkages  were  affected  by  different  drying  rates  (humidity, 
wind  and  temperature) .   Plastic  drying  shrinkage  occurs  while  the 
concrete  is  plastic  hence,  prior  to  set.   Unusual  methods  of  measurement 
were  required  for  this  phase. 

A  third  interim  report  was  JIIRP  Report  74-13,  "The  Influence  of 
Retarding  Admixture  on  the  Drying  Shrinkage  of  Concrete"  by  Professor 
W.  L.  Dolch  and  C.  F.  Scholer.  This  report  gave  the  drying  shrinkage 
results  on  concrete  whereas  the  other  drying  shrinkage  results  were 
on  the  drying  shrinkage  of  small  paste  samples.  The  three  commonly 
available  types  of  retarders  were  given  the  greatest  attention  in  the 
concrete  tests. 


II.    OBJECTIVES  OF  THIS  INVESTIGATION 

The  effects  retarding  admixtures  have  on  volume  changes  of  concrete 
was  not  fully  understood  hence  an  improved  understanding  was  a  major 
objective  of  this  investigation. 

A  further  objective  was  to  identify  those  material  and/or  methods 
which  would  minimize  volume  changes  i.e.,  shrinkage. 

A.  Effect  of  retarder  on  volume  change. 

The  characterization  of  the  basic  compounds  common  to  retarding 
admixtures  with  respect  to  their  influence  on  concrete  paste  structure 
and  resulting  volume  changes  offered  the  possibility  of  identifying  the 
better  admixtures  for  particular  conditions  and  needs. 

Another  objective  was  to  determine  if  the  shrinkage  of  retarded 
concrete  in  early  ages  occurs  to  a  greater  or  lesser  extent  in  the 
plastic  or  hardened  stages. 

B.  Reasons  for  the  influence  of  the  admixture. 

The  many  different  compounds  characterized  were  selected  so  as  to 
allow   interpretation  of  the  results  with  the  hope  that  the  reasons  for 
the  resulting  behavior  of  the  paste  might  be  better  understood. 

C.  Recommended  material. 

The  commercially  available  materials  were  studied  because  of  their 
practical  significance  on  construction.   This  included  concrete  specimens 
subjected  to  long  term  drying  and  a  study  of  the  plastic  shrinkage  of 


pastes,  with  an  appropriate  amount  of  admixture,  exposed  to  varying 
conditionswhile  in  the  plastic  state. 

III.   SUMMARY  OF  THE  INVESTIGATIONS 

A.   Effectiveness  of  Retarders,  Molecular  Influence  and  Shrinkage 
of  Concrete  Paste. 

1.   Time  of  set  tests. 

The  setting  time  for  concrete  is  influenced  by  many  dif- 
ferent chemicals  and  a  total  of  sixty-five  selected  chemicals 
were  used  to  examine  the  effects  of  the  molecular  structure 
of  the  chemicals  on  setting  time.   A  list  of  the  chemicals 
used  is  give  in  Table  1. 

The  effects  of  these  chemicals  on  setting  time  was 
evaluated  by  ASTM  standard  test  method  C-403,   "Time  of  Setting 
of  Concrete  Mixtures  by  Penetration  Resistance"  using  Ottawa 
aand  mortar.   The  results  of  the  tests  allow  a  comparison  of 
penetration  resistance  with  elapsed  time.   Initial  set  is  defined 
as  the  elapsed  time  after  water  is  added  to  cement  for  a  pene- 
tration resistance  of  500  psi  to  be  developed.   Final  set  is 
defined  as  4000  psi  penetration  resistance.   A  typical  set  of 
results  are  those  shown  in  Figure  1  in  which  the  effect  of 
various  admixture  concentrations  are  plotted. 

Table  2  lists  the  measured  initial  setting  time,  T500, 
of  the  various  chemicals  tested.   The  ratio  T500/T50  expressed 
the  relative  time  for  500  psi  penetration  to  50  psi  penetration 
values  and  indicated  when  the  chemicals  accelerated  the  very 
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early  hydration  of  cement.   The  larger  the  ratio  the  more  these 
early  reactions  were  accelerated.   Strong  retarders  such  as 
tartronic  acid,  citric  acid  and  sucrose  have  large  values  of 
T500/T50. 

2.  Shrinkage  tests  of  cement  pastes. 

Small  test  specimens  of  cement  paste  at  a  0.40  waterrcement 
ratio  were  fabricated  for  shrinkage  tests.   These  specimens  were 
0.20  inches  square  and  4  inches  long  with  "ball  point  pen  tip" 
studs  embedded  in  the  paste  specimen.   The  small  size  specimens 
were  desireable  in  order  to  reduce  drving  time  and  to  minimize 
humidity  variations  through  the  specimen.   Specirens  were  stored 
in  saturated  calcium  hydroxide  solution  until  they  reached  the 
desired  age  for  drying. 

Drying  was  accomplished  in  a  vacuum  oven  controlled  to  a 
temperature  of  105  to  110  C.   This  severe  drying  was  used  to 
eliminate  carbonation  and  to  reduce  the  length  of    the  test. 
After  cooling  in  a  controlled  atmosphere  to  prevent  either 
carbonation  or  water  gain,  specimens  were  measured  for  length 
and  weight. 

3.  Non-evaporable  water  determination. 

The  middle  third  of  shrinkage  specimens  were  used  for 
determination  of  non-evaporable  water  by  a  loss  on  ignition 
test.   Non-evaporable  water  was  defined  as  water  remaining  in 
a  sample  during  vacuum  oven  drving  of  24  hours  at  110  C  and 
lost  on  drying  at  about  1050  C.   Error  due  to  partial  car- 
bonation of  the  cement  could  occur  but  was  believed  to  be 
negligible. 
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4.  Results  of  these  tests  are  shown  in  Figures  2    throup'n  6. 

Figures  2  and  3  show  the  measured  shrinkage  of  the  paste 
specimen  at  20  through  90  percent  degree  of  hydration.   Mote 
that  differences  are  most  pronounced  helow  40  percent  degree  of 
hydration.   Figures  4,  5  and  6  shows  the  relationship  between 
degree  of  hvdration  and  values  of  specific  surface  determined  bv 
the  water  vapor  adsorption  methods.   It  should  be  noted  that 
different  admixtures  cause  different  results  indicatinp  that  they 

do  affect  the  microstructures  of  the  paste,  but  in  a  relatively 

2 
small  wav,  i.e.,  most  values  range  between  175  and  240  m   /g. 

5.  Conclusions  of  the  investigation  on  Effectiveness  of 
Retarders,  Molecular  Influence  and  Shrinkage  of  Concrete 
Paste. 

1.  Strong  retarders  have  a  molecular  composition  that 
includes  many  oxygen  atoms  constrained  to  approach  each  other 
closely.   Hydroxyl,  carboxyl,  and  carbonyl  are  all  effective, 
and  carbonyl  seems  especially  strong  in  its  influence.   Many 
a-hydroxy  acids  are  retarders,  but  the  presence  of  other  groups 
can  exert  a  strong  effect  reducing  the  retarding  action.   The 
oxygen-containing  groups  can  be  presumed  to  exert  polarizing 
influence  that  could  contribute  to  relatively  strong  adsorption 
onto  the  solid  surfaces  of  concern. 

2.  More  weakly  electronegative   atoms  on  the  molecule  do 
not  have  the  same  effect  as  oxygens. 

3.  ITien  cement  pastes  are  strongly  dried  of  all  their 
evaporahle  water,  they  exhibit  shrinkage  behavior  that  shows  a 
minimum  at  about  half  hydration  and  an  earlier  maximum.   This 
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behavior  is  also  exhibited  by  the  change  in  specific  surface 
area  of  the  hydrated  cement;  the  hydrate  rains  appreciable 
surface  area  between  about  60/'  and  SCfZ   hydration,  and  thereafter 
remains  relatively  unchanged.   ';ome  cause  and  effect  relation- 
ship exists  between  the  specific  surface  area  of  a  paste  and 
its  shrinkage  potential,  although  other  factors,  such  as  restraint 
by  unhydrated  cement,  are  probably  also  operative. 

4.   Retarders  cause  a  moderate  increase  in  the  shrinkape  of 
cement  pastes  at  ages  greater  than  about  half  hvdration.   At 
lesser  ages  the  shrinkage  may  be  either  increased  or  decreased. 

5..  The  changes  in  shrinkage  brought  about  by  retarders  can 
be  partially  ascribed  to  those  brought  about  in  specific  surface 
areas  of  the  hydrated  cement,  but  other  effects,  probablv  related 
to  the  chemical  species  present,  are  also  important. 

B.   Plastic  Drying  Shrinkage 

1.   Admixture  and  procedure  used. 

The  three  types  of  commercial  admixtures  evaluated  in  the 
work  on  drving  shrinkage  of  paste  were  evaluated  in  a  test  to 
measure  plastic  drying  shrinkage.   Ibis  test,  described  in  the 
interim  report  of  August  1973,  consisted  of  floating  thin  paste 
sections  on  mercurv  within  a  controlled  atmosphere  chamber.   \ 
magnetic  proximeter  was  used  to.  measure  the  lenrtn  changes  of 
the  plastic  paste  on  which  a  snail  steel  target  had  been  nlaced. 
This  test  procedure  provided  plastic  shrinkage  measurements  which 
were  verv  reproduceable.   Humidity  was  controlled  by  bubbling 
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atr  through  a  sulfuric  acid  solution.   This  air  passed  from  one 
end  of  the  test  chamber  to  the  other.   Throe  relative  humidities 
were  used,  25,  50  and  75  percent. 

2.  Results 

Figures  7,  8  and  9  show  the  results  of  t!ie  plastic  shrinkage 
tests.  It  should  be  noted  that  plastic  shrinkage  terminates  when 
the  specimen  cracks  which  occurs  when   tke  oaste 

specimen  is  no  longer  plastic.   The  visual  difference  in  cracking 
of  specimen  made  with  different  admixtures  was  striking,  see 
Figure  10. 

3.  Conclusion  of  the  plastic  shrinkage  tests. 

Based  upon  the  particular  pastes  investigated  in  tin's  studv 
the  following,  conclusions  were  made. 

1.  Using  retarding  admixtures,  plastic  shrinkage  is  higher 
than  the  plastic  shrinkage  of  plain  paste.   The  higher  shrinkage 
is  due  to  the  increased  period  of  time  spent  in  the  plastic  stage 
and,  with  some  retarders,  an  increase  in  the  amount  of  bleeding 
water. 

2.  The  appearance  of  the  first  crack  coincides  with  transition 
from  a  high  initial  rate  of  shrinkage  to  a  slower  rate.   Since  this 
transition  approximately  coincides  with  Vicat-  initial  setting  time, 
the  rate  of  hydration  and  the  rate  of  evaporation  influence  crack 
formation. 

3.  The  rate  of  shrinkage  varies  for  different  admixtures  when 
the  relative  humidity  changes.   This  results  in  ] i enosul fonate 
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FIGURE  7 
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0.5 


-•  Plain    Paste  ,  Temp.  =26.5°C 
-O  Carbohydrate,  Temp.=  26.5°C 
-O  Lignosulfonate,Temp.  =  27.0°C 
-A  Hydroxy   Carboxylic  Acid, 
Temp.  =  28.0°C 


Time  (hours) 


FIGURE  8    -  COMPARISON    OF   SHRINKAGES    AT    50%    RELATIVE 
HUMIDITY. 
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0.4 


• ©  Plain   Paste,  Temp.  =25.5°C 

O O  Carbohydrate  ,  Temp.  =  25.5°C 

D a  Lignosulfonate  ,  Temp.  =  26.0°C 

A A  Hydroxy   Carboxylic    Acid, Temp.  =  25.0° C 


Time  (hours) 


FIGURE   9   -COMPARISON   OF  SHRINKAGES    AT    75%  RELATIVE 
HUMIDITY. 
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giving  the  most  uniform  amount  of  shrinkage  at  different  relative 
humidi  ties. 

4.   The  morphology  of  the  plastic  cement  paste  is  apparentJy 
different  for  different  admixtures  are  evidenced  by  difference 
in  the  bleeding  and  in  rate  of  shrinkage. 

C.   Drying  Shrinkage  of  Concrete 

1.  Admixtures. 

The  three  commercially  available  admixtures  used  in  the 
previously  described  portions  of  this  research  project  were 
used  as  were  some  mixes  of  glycolic  acid  and  plain  sucrose. 

2.  Procedure. 

Concrete  was  proportioned  with  a  cement  factor  of  564  pounds 
per  cubic   yard  (Type  I  cement),  air  entrainment  varied  between 
3  and  5  percent  and  slumps  were  either  a  hiph  (6  inch)  or  a  low 
(2  inch)  slump.   All  mixtures  with  retarders  had  a  setting  time, 
ASTM  C  403,  50  percent  greater  than  that  of  the  unretarded  concrete. 

Two  mix  temperatures,  75  F  and  55°F  were  used  to  evaluate 
temperature  effects. 

Shrinkage  specimens  were  3  x  3  x  10  inch  prisms  cast  accord- 
ing to  ASTM  C-157  with  the  exception  of  the  planned  temperature 
variations. 

Specimens  were  uniformly  cured  and  length  determination  made 
at  ages  of  1  day,  7  days  (when  curing  terminated),  14  davs  and 
28  days,  3  months  and  6  months. 
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3.   Results. 

Table  3  contains  the  results  of  the  shrinkage  tests.   The 
differences  are  so  small  that  it  seemed  fair  to  conclude  that 
differences  in  drying  shrinkage  behavior  of  concretes  with  or 
without  retarding  admixtures  are  not  great  enough  to  be  of 
significance  in  engineering  considerations. 

IV.    SUMMARY  OF  RESULTS 

This  investigation  considered  many  types  of  retarders  and  it 
is  reasonable  to  assume  that  generalizations  made  about  these 
probably  apply  to  all  retarders  whether  tested  or  not.   The  effective- 
ness of  retarders  varies  greatly  insofar  as  the  concentrations  re- 
quired and  in  their  effect  on  early  hydration  rates.   Many  strong 
retarders  were  found  to  accelerate  the  very  early  hydrations  of 
cement  which  was  measured  by  the  length  of  time  to  reach  a  pene- 
tration of  50  psi  -  yet  they  retarded  the  set  time  to  500  ps1 
(initial  set) . 

Measurements  of  the  surface  area  of  various  retarded  pastes 
indicate  variations  in  microstructure  prior  to  4<~>  percent  hydration. 
Drying  shrinkage  was  also  most  variable  at  degree  of  hydration  less 
than  50  percent. 

The  variability  of  early  retarders  performance  is  also  shown 
in  the  work  as  plastic  drying  shrinkage.   There  considerable  dif- 
ferences occurred  with  the  different  admixtures  and  with  varving 
intensity  under  various  drying  conditions. 
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Table  3 


DRYING  SHRINKAGE  RESULTS 


Mix  No. 

Mix  Temp. 

Slump 

* 
Admix . 

7d 

Shrink 
14d 

age,  percent 
28d    3mo 

6mo 

1 

Room 

Low 

N 

0.006 

0.012 

0.026 

0.036 

0.041 

2 

Room 

High 

N 

0.001 

0.012 

0.025 

0.037 

0.045 

3 

Room 

Low 

L 

0.003 

0.015 

0.033 

0.041 

0.050 

4 

Room 

High 

L 

0.003 

0.021 

0.037 

0.047 

0.054 

5 

Room 

Low 

A 

0.005 

0.020 

0.033 

0.038 

0.043 

6 

Room 

High 

A 

0.003 

0.018 

0.032 

0.039 

0.042 

7 

Room 

Low 

C 

0.006 

0.027 

0.038 

0.046 

0.054 

8 

Room 

High 

C 

0.007 

0.026 

0.040 

0.050 

0.056 

9 

Room 

High 

G 

0.002 

0.016 

0.026 

0.044 

0.054 

10 

Room 

High 

S 

0.006 

0.021 

0.034 

0.047 

0.059 

11 

Room 

Low 

C 

0.006 

0.022 

0.037 

0.049 

0.050 

12 

Room 

High 

L 

0.001 

0.020 

0.034 

0.052 

0.054 

13 

Room 

High 

A 

0.002 

0.017 

0.029 

0.043 

0.045 

1A 

Room 

High 

L 

0.003 

0.025 

0.037 

0.051 

0.050 

15 

Room 

Low 

C 

0.004 



0.038 

0.053 

0.050 

16 

Room 

High 

c 

0.008 

0.031 

0.043 

0.049 

0.055 

17 

Room 

Low 

N 

0.011 

0.030 

0.040 

0.052 

0.056 

18 

Room 

High 

N 

0.010 

0.026 

0.036 

0.049 

0.054 

19 

Low 

High 

A 

0.004 

0.009 

0.018 

0.030 

0.036 

20 

Low 

High 

C 

0.003 

0.022 

0.030 

0.042 

0.047 

21 

Low 

Low 

N 

0.019 

0.030 

0.036 

0.052 

0.062 

22 

Low 

Low 

N 

0.001 

0.015 

0.026 

0.034 

0.054 

23 

Low 

High 

C 

0.030 

0.043 

0.059 

0.072 

0.075 

24 

Low 

High 

L 

0.002 

0.020 

0.035 

0.046 

0.054 

25 

Low 

High 

A 

-0.004 

0.009 

0.021 

0.032 

0.036 

26 

Low 

Low 

L 

-0.002 

0.016 

0.031 

0.044 

0.045 

27 

Room 

High 

G 

0.012 

0.020 

0.030 

0.042 

0.047 

28 

Room 

High 

S 

0.009 

0.022 

0.032 

0.048 

0.053 

N  «  No  admixture,  L  ■  Lignosulfonate,  A  ■  Hydroxyacid, 
C  »  Carbohydrate,  G  ■  Glycolic  Acid,  S  =  Sucrose 
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At  the  more  fully  hydrated  conditions  less  drying  shrinkage 
occurs  and  the  results  have  a  uniformity  approaching  those  of  the 
plain  (no  retarder)  paste  or  concrete. 

Plastic  dryinp  shrinkage  was  always  increased  bv  use  of  re- 
tarders  because  of  the  increased  period  of  time  in  which  the  re- 
tarded specimens  were  in  the  plastic  condition.   Cracking  of  re- 
tarded paste  specimens  was  greater  than  for  the  plain  paste,  however, 
visible  differences  did  occur  with  the  different  retarders. 

V.    CONCLUSIONS 

This  investigation  has  shown  that  the  various  admixtures 
tested  including  those  types  in  common  use  effect  early  hydration 
products   albeit    differently  one  from  the  other.   A  well- 
cured  concrete  which  has  a  retarding  admixture  incorporated  does 
not  have  enough  increase  in  shrinkage  to  warrant  concern.   Like- 
wise, the  commercial  types  tested  did  not  differ  sufficiently  to 
warrant  any  preference  as  to  the  type  of  retarders. 

Shrinkage  problems  are  more  likely  to  develop  with  retarded 
concretes  when  severe  drying  conditions  exist  during  placement 
resulting  in  more  plastic  drying  shrinkage  and  cracking.   Likewise 
poor  curing  may  cause  greater  drying  shrinkage  of  hardened  concrete 
containing  retarders.   Shrinkage  of  concrete  after  more  than  40 
percent  of  the  cement  has  hydrated  was  not  significantly  different 
than  for  plain  concrete  but  at  earlier  ages  retarders  appear  to 
significantly  influence  drying  shrinkage. 
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From  a  practical  viewpoint,  good  concrete  curing  practice  is 
essential  for  concrete  containing  retarders  but  no  new  or  additional 
steps  should  be  required  beyond  those  commonlv  recuired  by  the 
Indiana  State  Highway  Commission  or  the  agencies  of  other  states. 


